BACKGROUND: Weight gain is common after pregnancy. Most studies suggest that weight gain associated with a pregnancy is between 0.5 and 3.8 kg up to 2.5 y of follow-up. However, 73% of the female patients at our obesity clinic identified pregnancy as an important trigger for marked weight retention. The majority retained more than 10 kg after each pregnancy. The aim of this study was to examine long-term weight development after pregnancy in a 15 y follow-up of women who took part in the Stockholm Pregnancy And Women's Nutrition (SPAWN) study.
Background
Weight development during adult life is characterised by a gradual increase in weight. 1 Body weight at one age is strongly correlated with body weight decades later, which suggests a strong genetic influence on body weight. 2, 3 However, the genotypical body weight development depends upon environmental influences such as lifestyle, 4, 5 and various life events, for example, illness, 6 long-term medication 7 and pregnancy, 8 can alter the genetically programmed weight development trajectory. It is well accepted that pregnancy may cause weight problems in some women. 9, 10 Studies report mean weight gains of between 0.4 and 3.8 kg as a result of pregnancy. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] However, patients eventually referred to our obesity unit have reported average weight gains in the region of 10 kg, also for subsequent pregnancies, and viewed this weight gain as an important cause of their obesity. 12 Previous studies have found several factors that could be involved in the course of weight development after pregnancy. The strongest factor for retaining weight after pregnancy seems to be weight gained during the pregnancy. [22] [23] [24] [25] At least in the short term, high weight gain during pregnancy is associated with high weight retention after pregnancy. A further factor is smoking cessation, which fortunately often occurs when women learn of their pregnancy, but which has been shown to be related to greater postpartum weight retention. 8, 25 Changes in activity leading to a more sedentary lifestyle after pregnancy constitute an additional risk factor for weight retention after pregnancy. 23, [26] [27] [28] Socioeconomic factors such as low income are also associated with higher weight retention postpartum. 23, [29] [30] [31] Although weight before pregnancy seems to be a risk factor for pregnancy and delivery complications and for late foetal death, it does not seem to be an important factor to predict weight retention after pregnancy. [32] [33] [34] Some behavioural approaches have been suggested to be useful ways of controlling or preventing weight retention, such as breastfeeding. However, there is no clear evidence that breastfeeding makes women lose more weight after pregnancy. Some studies [35] [36] [37] have shown that a high frequency and intensity of breastfeeding are associated with less weight retention after a pregnancy, while other studies show the opposite. 13, 38 Some studies show very little effect of breastfeeding on weight development at all. 22, 27, 30, [39] [40] [41] [42] [43] The Stockholm Pregnancy and Weight Development Study began in the 1980 s with the aim of understanding the physiological and behavioural influences that led or contributed to the development of overweight and obesity after delivery. Several publications have emerged from this study. 8, 12, 18, 26 Until birth the study was retrospective in that data considered pertinent for the ensuing weight development were collected from the maternity unit records and analysed. At postnatal follow-up, about 2.5 months after delivery, the women were invited to be prospectively monitored for up to 1 y postdelivery and were asked to come to the maternity units for two follow-ups in addition to their usual postnatal routine visit. Thus, after 2.5, 6 and 12 months, women who agreed to take part were weighed and measured and completed detailed questionnaires, which included information about diet, exercise and other aspects of lifestyle. In the Stockholm Pregnancy and Weight Development study, 2342 women were invited to participate. Of these, 1423 women completed the first part of the study up to 1 y and form the database, on which the previous reports were based. 8, 12, 18, 26 The dietary advice that the women received was standard care in the maternity unit, and was provided according to clinical routine. The results of the Stockholm Pregnancy and Weight Development Study pertinent to this 15 y follow-up study can be summarised as follows: pre-pregnant mean weight was 59.578.1 kg (s.d.) and the mean weight increase during pregnancy was 14.174.1 kg (s.d.). There was a large range in weight gain within the sample, varying from À2.5 to þ 35 kg. At 1 y after delivery, the overall mean weight increase was 1.5 kg. However, when this figure was corrected, firstly for under-reporting and secondly for the general phenomenon of weight increase over time in this group, the net mean weight increase induced by a pregnancy in the Stockholm sample was estimated to be 0.5 kg. This is clearly a small increment and one that should have little long-term effect. However, the range of weight gain was very wide and 1.5% of women retained at least 10 kg. Large and inhomogeneous variances meant that when statistically significant relationships were found, these were rather weak. 26 The most important risk factor identified for sustained weight gain/ retention 1 y after delivery was weight increase during pregnancy. 8 The aim of the follow-up Stockholm Pregnancy And Women's Nutrition study (SPAWN) was to investigate the women who participated in the Stockholm Pregnancy and Weight Development study some 15 y later. In this article, we focus on those women whose weight trajectories changed after their pregnancies and in particular those women who were normal weight before pregnancy (body mass index (BMI) r25 kg/m 
Subjects and methods

Study design
This comprises a longitudinal study of women's weight gain during pregnancy, at 1 y postpartum and at 15 y follow-up.
Subjects
The SPAWN study is a follow-up study of women who participated in the Stockholm Pregnancy and Weight Development study in 1984-85. The sample represents a cross-section of the metropolitan population from both the inner city of Stockholm and its suburbs. The distribution across socioeconomic groups is assumed to be representative of the population of the Stockholm area, since the catchment areas of each of the four hospitals represent a range of socioeconomic groups. For data validation, see below.
Of the 1423 women who participated in the original Stockholm Pregnancy and Weight Development study, as described above, 563 agreed to participate in this 15 y followup study.
Of these, 200 women lived too far away from our clinic to attend in person. They therefore completed the same questionnaires, but weight and height were self-reported rather than objectively measured. There were no differences between those who sent in forms and those who visited our unit with respect to the variables pre-pregnant BMI, weight gain during pregnancy, infant weight, completed weeks of pregnancy weight at 2.5-months follow-up or at 1 y followup or age and BMI at follow-up.
The mean age of the whole sample at follow-up was 45.174.5 (s.d.) y, weight 67.4710.0 kg and BMI 24.373.6 kg/m 2 . A total of 39% (174) had a BMI of at least 25 kg/m 2 at 15 y follow-up. They had on average 2.470.9
children: 11% had one child, 48% had two children, 32%
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Procedure
Addresses for all 1423 mothers were tracked by the Sema info-group, using each woman's personal (National Health and Insurance System) number to obtain the current address of the women, some of whom had moved to other parts of Sweden or abroad. This is a standard approach in epidemiological research in Sweden. The women who still lived in the area of Stockholm (n ¼ 363) were asked by letter to attend Huddinge University Hospital for objective measurement of height and weight and to fill in the questionnaires under the supervision of a researcher or a Unit nurse. At the hospital anthropometric measurements were taken; weight was recorded to the nearest 0.1 kg and height measured to the nearest cm. Diastolic and systolic blood pressures were measured in a lying position after 5 min of rest. Waist circumference was measured in a standing position halfway between the lowest costal arc and the ilecal crest in the normal respiratory position, and hip circumferences over the widest part of the hips were measured. BMI and waist/hip ratio (WHR) were calculated. Body fat was determined by bioimpedance (Tanya TBF 305, Tokyo, Japan).
Questionnaires
Questionnaires were administered at 2.5, 6 and 12 months and at 15 y. These covered the following main areas: on diet, physical activity at work and during leisure time. The questions were retrospective, of multiple choice type, usually with four answer alternatives. Each question was answered for each of the four periods in the study: in the questionnaire used at 6 months postpartum, questions were asked concerning the three situations before pregnancy, during pregnancy and 1-6 months after pregnancy. In the 12 months questionnaire, questions were asked about the period 7-12 months postpartum. At the 15 y of follow-up, similar questions were asked about their present situation. In addition to the questions mentioned above, the 15 y follow-up questionnaire included questions about experience of slimming (methods and kg of weight lost) and questions about unintentional weight loss, as well as a brief medical history. The number of children in total and since the index pregnancy tracked by the study was requested. The respondents were also asked to report weight before and 1 y after previous and later pregnancies, the age and sex of all children and if any children were adopted. Behavioural factors such as smoking habits and smoking cessation in general and during pregnancy, body and self-image, as well as indicators of social status such as educational level, occupation, working hours and total family income were included.
Lactation score. A scoring system was constructed in order to express duration and intensity of breastfeeding. 26 Every month with full lactation was given four points, and every month with mixed feeding was given two points. The total sum (0-48) indicated the individual lactation amount. This score was used as a rough estimate of the total energy expenditure for milk production. BMI and change in weight (before pregnancy and 1 y after each pregnancy) were calculated. Women who had moved and lived too far away from Stockholm (n ¼ 200) were asked by letter to fill in the same questionnaires and self-report their weight and height, from which BMI was calculated.
The study was approved by the Ethics Committee of the Huddinge University hospital, and all participants gave written informed consent.
Drop-out analysis of nonresponders Drop-out analyses based on the total sample from the beginning of the Stockholm Pregnancy and Women's Nutrition study (n ¼ 2342) were performed. Nonresponse was analysed in relation to the circumstances of the pregnancy. This included clinical parameters, such as fecundity history, high blood pressure, oedema, delivery methods, weight gain during previous pregnancies and dietary advice during pregnancy. There were no significant differences between the responders and nonresponders in any of these variables, indicating that the responders were representative in terms of characteristics related to pregnancy. The only difference found was that women who took part in the follow-up study were slightly older and that nonresponse was more common among non-Nordic citizens.
In order to compare the social, economic and educational characteristics of the participants and the nonresponders, information and education, income and occupation were obtained from the LOUISE database. This register contains data collected annually on all individuals living in Sweden. We used the log register and obtained information via the personal number for each participant and each nonresponder. These data could also be compared to the national average for income and educational level.
Women who participated in the follow-up study had higher income and higher educational attainment than nonresponders. Women who participated also had a higher income and higher education than the national average. Detailed information on this drop-out analysis has been published elsewhere. 44 We conclude from these analyses that our present sample is reasonably representative of the original group of Stockholm women.
Inclusion and exclusion criteria
One woman with a BMI of 47 kg/m 2 and one woman who had her first child at the age of 49 y were identified as outliers by graphical diagnostic techniques, 45 and were excluded from the analysis. Eight women who had an adopted child in
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Statistics analyses
All analyses were performed using SPSS 10.5 for Windows (SPSS Inc.). Parametric statistics were used as appropriate. Analysis of variance was used to examine the change in body weight at the four time points of assessment (pre-pregnancy, þ 6 months, þ 12 months and þ 15 y) (within-subjects factor). Between-group factors based on weight change and parity were included in the separate analyses. GreenhouseGeisser corrections were used where sphericity could not be assumed. ) prior to pregnancy and shifted in BMI from normal to overweight between prepregnancy and 15 y follow up (n ¼ 138). A comparison subsample of women who were in the normal BMI range prior to pregnancy and at 15 y follow-up was also selected (n ¼ 361). Women who were overweight at both time points (n ¼ 33) and those who lost weight and regained a BMI in the normal range at 15 y (n ¼ 10) were excluded from the analysis. The association between pre-pregnant BMI category and BMI category at 15 y follow-up was significant (w 2 ¼ 44.174, df ¼ 1, Po0.001).
Differences between women who became overweight and women who maintained normal weight Those women who became overweight at 15 y follow-up were significantly heavier before pregnancy than those who did not (62.276.9 vs 57.376.0 kg, respectively, t ¼ 8.83, df ¼ 497, Po0.001). However, although the women who later became overweight had significantly higher mean BMIs before pregnancy (22.371.5 vs 20.571.6 kg/m 2 ), both groups were clearly in the normal weight range before the index pregnancy. Age at follow-up did not differ between the groups (normal weight 45.074.3 y, overweight 45.074.7 y, t ¼ À0.111, df ¼ 497, NS). Those women who became overweight gained significantly more weight during the pregnancy than those who did not (15.474.4 vs 13.673.7 kg, respectively, t ¼ À5.9, df ¼ 465, Po0.001) ( Table 1) .
Throughout the pregnancy, weight increase was higher in the group who became overweight 15 y later.
Weight loss after pregnancy
The pattern of weight loss after delivery was such that by 6 months postpartum 56.3% of the women who did not become overweight had returned to within 1.5 kg of their pre-pregnant weight and by 12 months postpartum this figure had risen to 60.4%. In the later overweight group, only 27.7% were within 1.5 kg of their pre-pregnant weight at 6 months and by 12 months postpartum this figure had increased only slightly to 34.6%. The normal weight group lost on average 12.9 kg of the 13.7 kg gained during the pregnancy within the first postpartum year. Thus we estimate that for these women, the mean cost of the pregnancy was 0.8 kg. For the women who later became overweight, the cost of this pregnancy was much greater. By 6 months postpartum they had retained an average of 4.0 kg and at 12 months postpartum still carried 3.1 kg over and above their pre-pregnant weight. Weight change from 1 to 15 y follow-up was 4.3 kg74.9 in the normal weight group and 11.776.8 kg (t ¼ À11.5, df ¼ 488, Po0.001) in the overweight group (Figure 1 ).
Children
There was no difference between the women who became overweight and those who remained normal weight with respect to the total number of children (2.470.8 children and 2.470.9 children, respectively, t ¼ À0.392, df ¼ 490, NS).
There was no difference between the women who became overweight and those who remained normal weight with respect to number of pregnancies before and after the index pregnancy. That is to say, those women who later became overweight were not more likely to have had another child before and/or after the index pregnancy.
Furthermore, there were no differences between the two groups regarding age at the index pregnancy or age at delivery of their first child. Features of pregnancy that did not differ between the two groups were total gestational duration, type of delivery, sex and birth weight of the child or city of residence.
Features of pregnancy that did differ between the two groups were breastfeeding and smoking cessation. Those women who became overweight had lower lactation scores than women who remained normal weight (21.7711.0 vs 24.079.4, t ¼ 2.25, df ¼ 488, Po0.05).
Relatively more subjects of the group that became overweight stopped smoking during pregnancy (w 2 ¼ 12.05, df ¼ 3, Po0.01).
Discussion
To our knowledge, the SPAWN study is the longest follow-up study of weight development during and after pregnancy. This study shows that pregnancy is indeed a risk factor for weight gain for some women, and this analysis has focused on those women who shift from normal weight to overweight in the long term. These women gained significantly more weight during pregnancy, and retained more weight within the first year of the index pregnancy than those who remained within the normal BMI range. This weight difference remains and increases through the ensuing 15 y. These results are in line with previous studies that have focused on weight retention after pregnancy. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] 46 Moreover, this study is the longest to show an effect on weight gain longitudinally. Ronney and Schauberger 47 have shown similar results on weight development up to 10 y after delivery. However, overall weight gain after delivery in women who shift from normal weight to overweight is also higher. Thus weight gain during pregnancy does not fully explain the weight difference between the two groups. The number of children the women have delivered or whether the women have delivered any children before or after the index child did not differ between the two groups. There could be different reasons for this. The variation of number of children is not that wide. In our study, most women had two children; Williamson et al 15 have shown that the biggest change with the number of children is after five deliveries. Previous reports from this study up to 1 y of follow-up 8, 26 have shown that women who started to eat more irregularly and exercised less frequently after their pregnancies retained more weight 1 y postpartum. To become a mother and have children is a major life event, where women obviously change their lifestyle. Our data suggest that these changes that are instigated by pregnancy may remain through life and precipitate future weight problems. However, there are few socioeconomic and lifestyle factors, in addition to weight and weight development, that can identify women at risk. The absence of clearly distinguishing features to identify these women at confirmation of pregnancy means that it is therefore hard to predict before pregnancy who is likely to retain weight after delivery. Women who became overweight had on average a higher weight and BMI before pregnancy than those who remained in the normal weight range, but both groups were in the BMI 20-25 kg/m 2 range and are therefore hard to separate.
Later overweight women gain more weight during pregnancy and such a high weight gain during pregnancy has in previous studies been shown to be a risk factor for marked weight retention. [22] [23] [24] [25] 48 However, it is controversial whether energy restriction should be advocated for pregnant women to control their potential risk of excessive weight increase during pregnancy, 49 particularly when such a calorierestricted diet could affect the growth of the foetus. 50, 51 Since the variation in weight gain after pregnancy is wide and there are no major explanatory factors that can predict weight gain, there is little support for preventive lifestyle interventions prior to delivery. There are a number of practical obstacles to the monitoring of postpartum weight change and to the implementation of strategies to reduce weight gain as a result of pregnancy. In clinical practice, it is unclear who would monitor these women, for up to a year after pregnancy, when they have been transferred from the obstetrician's list. In clinical reality, because the women are cared for by a general practitioner, any monitoring and intervention would need to be provided within the primary health system. One limitation of this longitudinal study is that there is no control group of women without children. To recruit a group of women who will not have children in the 15 y period of the follow-up and yet are living in relationships and with similar socioeconomic status and education level is obviously extremely difficult. In Sweden, 73.4% of the Swedish female population has a least one child (unpublished data from the statistics of Sweden). To our knowledge, there are only two studies that have a nonpregnant control group. Williamson et al 15 have compared nonpregnant and pregnant women with respect to weight gain and showed that nonpregnant women gained more weight than those who gave birth, and Rookus et al 38 followed a group of pregnant women and a control group of women for only 9 months after pregnancy. Another limitation is that there are no measurements of weight between the 1 and 15 y of follow-up. Thus, it is impossible to determine whether the 15 y data represent a linear development over time. Possibly, women entering menopause early might have increased in weight more during the last part of the 15 y follow-up. 52 As in all studies with long-term follow-up, there is a large number of drop-outs. In the SPAWN study, we re-recruited 24% of all subjects initially recruited. This number for restudy after 15 y is a fairly high recovery. To analyse the implications with drop-outs, we have made several drop-out analyses to determine if our material is representative 44 and we found that the sample was fairly acceptable.
In this study, measurements of lifestyle factors such as eating behaviour and exercise changes are crude, which could be one explanation for their lack of statistically significant predictive power. Small changes in everyday lifestyle are important determinants of long-term weight gain. 53 These changes may be too small to measure with questionnaires. The well-known phenomenon of underreporting, in particular of socially less acceptable behaviours, important for weight increase, is an additional methodological weakness in this study. Weight development during and after pregnancy is probably not the result of one factor. Instead, numerous factors seem to interact and many potential predictors are currently unidentified. Further studies are obviously needed to identify additional factors, since several of the most obvious candidates have been examined and not found to be powerful predictors of long-term weight development following pregnancy. It is necessary to develop a deeper understanding of the changes in physiology, genetics and psychology that accompany pregnancy to prevent a weight development with potentially harmful consequences.
